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Abstract 

The (linearized) quantum Rindler space-times associated with generalized twist- 
deformed Minkowski spaces are provided. The corresponding corrections to the 
Hawking spectra linear in deformation parameters are derived. 
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1 Introduction 



Presently, it is well known that there exist the deep (and extraordinary) relation between 
horizons of black hole and thermodynamics. Already in early 1970s there was observed 
by Bekenstein (see [1]), that laws of black hole dynamics (especially the second one) can 
be given thermodynamical interpretation, if one identifies entropy with the area of black 
hole horizon and temperature with its "surface gravity". Such an observation has been 
confirmed by Hawking in his two seminal articles [2], [3], in which, it was predicted that 
a black hole should radiate with a temperature 

^BlackHole = ~ f , (1) 

where g denotes the gravitational acceleration at the surface of the black hole, k is Boltz- 
man's constant, and c is the speed of light. Subsequently, it was shown separately by 
Davies jl] and Unruh [5], that uniformly accelerated observer in vacuum detects a radia- 
tion (a thermal field) with the same temperature as TBi ac k Hole 

ha 

Vacuum = 2^kc ' ( } 

but with inserted acceleration of the detector a. Formally, such an observer "lives" in 
so-called Rindler space-time [6], which can be obtained by the following transformation 
from Minkowski space with coordinates (x , x%, x 2 , x 3 )0 

xo = N (zi) smh(azo) , (3) 

x\ = N(z 1 ) cosh(az ) , (4) 

x 2 = z 2 , (5) 

%3 = z 3 , (6) 

where N is a positive function of the coordinate. The Minkowski metric ds 2 = —dx\ + 
Y3l=\ transforms to 

ds 2 = -aN 2 { Zl )dz 2 + (N') 2 { Zl )dz{ + dz\ + dz\ . (7) 

Recently, in the papers [7j and [8] , there was proposed the noncommutative counterpart 
of Rindler space - so-called (linearized) k- Rindler space and twist-deformed Rindler space- 
time, respectively. First of them is associated with the well-known K-deformed Minkowski 
space [9], |loffi while the second one with twisted canonical, Lie-algebraic and quadratic 
quantum Minkowski space-time. Further, following the content of the papers |l]-[5] (see 
also [TT], [12]), there have been found corrections to the Hawking thermal spectrum 
linear in deformation parameter, which are detected by (noncommutative and uniformly 
accelerated) well as twist-deformed Rindler observers. 



1 c = l. 

2 k denotes the mass-like parameter identified with Planck's mass. 
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The suggestion to use noncommutative coordinates goes back to Heisenberg and was 
firstly formalized by Snyder in [T3]. Recently, however, the interest in space-time non- 
commutativity is growing rapidly Such a situation follows from many phenomenological 
suggestions, which state that relativistic space-time symmetries should be modified (de- 
formed) at Planck scale, while the classical Poincare invariance still remains valid at larger 
distances [H]-[I7]. Besides, there have been found formal arguments, based mainly on 
Quantum Gravity [18], [T9] and String Theory models (20], [21], indicating that space-time 
at Planck-length should be noncommutative, i.e. it should have a quantum nature. 

At present, in accordance with the Hopf-algebraic classification of all deformations of 
relativistic and nonrelativistic symmetries [22], [23], one can distinguish three kinds of 
quantum spaces. First of them corresponds to the well-known canonical type of noncom- 
mutativity 

[ x^x v ] = i9^ u , (8) 

with antisymmetric constant tensor 9 pv . Its relativistic and nonrelativistic Hopf-algebraic 
counterparts have been proposed in [21] and [22] respectively. 

The second kind of mentioned deformations introduces the Lie-algebraic type of space- 
time noncommutativity 

[ Xfi) x v ] iQ^Xp , (9) 

with particularly chosen coefficients Q p being constants. The corresponding Poincare 
quantum groups have been introduced in [2E]-[2H], while the suitable Galilei algebras - in 
M and [25]. 

The last kind of quantum space, so-called quadratic type of noncommutativity 

[ x^ x v } = %Q%x p x T ; 6?l = const. , (10) 

has been proposed in [31], [32J and [29] at relativistic and in |33j at nonrelativistic level. 

Recently, there was considered the new type of quantum space - so-called generalized 
quantum space-time 

[x tl ,x v ]=i9 lu , + i9* l ,x f ,, (11) 

which combines canonical type with the Lie-algebraic kind of space-time noncommutativ- 
ity. Its Hopf-algebraic realization has been proposed in [M]-[SS] in the case of relativistic 
symmetry and in [36] for its nonrelativistic counterpart. 

In this article, following the scheme proposed in [7] and [8J, we provide the noncom- 
mutative counterparts of Rindler space-time, associated with generalized twist-deformed 
Poincare Hopf algebras [36] (see space-time (jlip ). Further, we investigate the gravito- 
thermodynamical radiation detected by such generalized twist-deformed Rindler observers 
in the vacuum, i.e. we find the thermal (Hawking) spectra for twisted space-time (1TTT) . 
Particulary, for parameter 9 P approaching zero, we get the thermal spectra for canonical 
space-time (jHJ) derived in [8]. 

The paper is organized as follows. In first section we recall the basic facts concerning 
the generalized twist- deformed Poincare Hopf algebras and the corresponding quantum 
space-times [36J. The second section is devoted to the generalized Rindler spaces, obtained 
from their noncommutative Minkowski counterparts. The deformed Hawking radiation 
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spectra detected by twisted Rindler observers are derived in section three. The final 
remarks are discussed in the last section. 

2 Generalized twist-deformed Minkowski spaces and 
the corresponding Poincare Hopf structures 

In this section, following the paper [36J, we recall basic facts related with the generalized 
twist-deformed relativistic symmetries and corresponding quantum space-times. 

In accordance with the general twist procedure [37]- [3D], the algebraic sectors of all 
discussed below Hopf structures remain undeformed (rj^ = (— , +, +, +)) 

[M^, Mpa\ = i (rj^ M vp - T] va M w + rj^M^ - i\ w M ua ) , 

[M^P P ] =i (rj up Pn-Ti^Py) , [P p ,P u ] = 0, (12) 

while the coproducts and antipodes transform as follows 

A (a) -> A. (a) = 7. o A (a) o T7 1 , S.(a) = u. S (a) uT 1 , (13) 

where A (a) = a<g)l-|-l<g)a, Sq(o) = —a and u. = /(i)<So(/(2)) (we use Sweedler's notation 
T. = f(i) <8> /(2))- Present in the above formula the twist element T. G U.(V) 
satisfies the classical cocycle condition 

T. X2 ■ (A ®\)T. = J-.23 • (1 <8> A ) T. , (14) 

and the normalization condition 

(e ® 1) JF. = (1 <g> e) J 7 . = 1 , (15) 

with J 7 . 12 = J 7 - <8> 1 and J 7 ^ = 1 <g> J 7 .. 

The corresponding to the above Hopf structure space-time is defined as quantum 
representation space (Hopf module) for quantum Poincare algebra, with action of the 
deformed symmetry generators satisfying suitably deformed Leibnitz rules [41] . [42] . [24] . 
The action of Poincare algebra on its Hopf module of functions depending on space-time 
coordinates x M is given by 

Pp > f(x) = id lx f{x) , Mpv > f(x) = i (x^dv - x v d^) f(x) , (16) 

while the * -multiplication of arbitrary two functions is defined as follows 

f(x) *. g(x) := u) o (J".- 1 > f(x) <g> g(x)) . (17) 

In the above formula T. denotes twist factor in the differential representation ( fl~6l) and 
u o (a <S) b) = a ■ b. 
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In the article (36] , there have been considered three (all possible) types of Abelian and 
generalized twist factors (a Ab = a®b — b® ajf|: 



i) Fo m ,k = exp i 



2k 



P k A M i0 + 9 kl P k A P 



;is) 



and 



ii) Fe Qi ,k = exp % 



— P A M kl + 9 0i P A P 
2k 



—Pi A M kl + 9 0i P A Pi 
2k 



Hi) JF 6oi ^ = exp i 
leading to the following generalized quantum space-times (see (TTTj) ) : 



(19) 



(20) 



i) [xQ,X a ] 



-Xi5, 



i'Jak ; 



x ai x b]* g ., K — 2i9kl(8ak8bl ~ bal&bk) H X (8i a 5 kb — &ka&ib) 



(21) 



and 



Hi) 



ii) [x ,x a }± = ^{5i a x k - 5 ka xi) + 2i6 0i 5i, 



X aj Xfr 



K 

o, 



% 1 

x a ,x b ]* eoiR = -5 ib (5 ka xi - 5i a x k ) + -5 ia (5i b x k - 5 kb xi) 



(22) 



(23) 



respectively, with star product given by the formula (|17|) . 

The corresponding Poincare Hopf structures have been provided in [SB] as well. How- 
ever, due to their complicated form, in this article, we recall as an example only one 
Poincare Hopf algebra, associated with first twist factor ([181) . In accordance with men- 
tioned above twist procedure its algebraic sector remains classical (see formula (fT2l ). while 
the coproducts take the form (see formula (ITBl) ) 



A efciA (P M ) = A (P M ) + sinh(^P fc ) A (r^P - Va^i) 

2k 

+ (cosh( — P k ) -1)± (rj^Pi - VoM , 



(24) 



3 Indecies fc, I are fixed and different than i. 
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Ag M)K {M^) = A (M /UI/ ) + 7j-Mj A (r] IMk P u — r\ vk P^) 
+ z[M Mi/ ,M i0 ] Asinh(— P k ) 

[[M^, Mm] , M m ] 1 (cosh(-^P fe ) - 1) 
+ ^-M io smh(^-P k ) ±{iP k P i - Xk Po) (25) 
- — (ip k P - XkPi) AM i0 (cosh(— 

- fc ' [( %M P, - %l/ P M ) g> P z + P k g> (r] lfl P u - ^P,,)] 

+ 0ki [{mnPv - viu p») ® Pk + Pi ® (v^Pv - Vk»Pn)} 

+ 9 kl [[M^, M i0 ] , P k ] ± sinh(-^P fe )P, 

- 9 kl [[Mftv, M i0 ] , P t ) 1 smh(^-P k )P k 

+ i9 M [[[M^, M i0 ] , M l0 ] , P k \ A (cosh(-^P fc ) - l)P l 

- i6 kl [[[M^, M m ] , M l0 ] , Pi\ A (cosh(-^P fe ) - l)P k , 

with a-Lb = a®b + b®a, ip 7 — rjjryrju — r)i 7 r)ij and x-y — Vj-yVki — VhVkj- The two 
remaining Hopf structures corresponding to the twist factors ffT9]) and ( 120]) look similar 
to the coproducts and fl25|) . 

Of course, if parameter goes to zero and parameters k, R and R approach infinity, 
the above space-times and corresponding Hopf structures become undeformed. Besides, 
for fixed (different than zero) parameters 9 kl and 8° l , and parameters k, k and R ap- 
proaching infinity, we get twisted canonical Minkowski space provided in [21]. Moreover, 
for parameters 9 kl and 6° l running to zero, and fixed parameters k, R and R, we recover 
the Lie-algebraically deformed relativistic spaces introduced in [28] and [29J. 



3 Generalized twist-deformed Rindler space-times 

Let us now find the twisted Rindler spaces associated with the generalized Minkowski 
space-times provided in pervious section. In this aim we proceed with the algorithm 
proposed in [7] and [S] for k- and twist-deformed Minkowski space-times, respectively. 

We define such (Rindler) space-times as the quantum spaces with noncommutativity 
given by the proper ^-multiplications. This new ^-multiplications are defined by the new 
^-factors, which can be get from relativistic twist factors f lT8|) -f l20|) as follows: 

i) Firstly, we take the standard transformation rules from commutative Minkowski 
space (described by x M variables) to the accelerated and commutative as well (Rindler) 
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space-time (z^) [6] 

x = Z\ sinh(a;zo) , (26) 
X\ = Z\ cosh(a2 ) , (27) 

X2 = Z2, (28) 

xs = z 3 , (29) 

where a denotes the acceleration parameter, i.e. we have chosen function N(zi) = Z\ in 
formulas 

ii) Further, we rewrite the Minkowski twist factors (fT8l - (l20~l) (depending on commu- 
tative x^ variables and defining the ^-multiplication flTjl ) in terms of variables. 

In such a way, we get three following ^-factors and the corresponding Rindler quan- 
tum spaces: 

i) Rindler space-time associated with twisted relativistic space i) (see formula f l2T]) ). 

In such a case, due to the transformation rules fl26|) -f l29|l R. the proper * 9kl ^-product 
takes the form 

f(z) *e khK g{z) := u o (z£ > f(z) ® g(z)) , (30) 



where 



Z 9m,k = ex P ~^ (8ki9ii fx{zo, zi, <9* , d Zl ) A d Zl + 5n6 kl d Zk A /i(2 , z u d Zo , d Zl )+ 
+ 42^3^23 d Z2 A d Z3 + 8 k3 5i 2 8 3 2 d Z3 A d Z2 + 

+ 7r S kifi( z o,z u d zol d Zl ) A (zif (z ,z u d Z0 ,d Zl ) - g (z Q , z x )d Zi )+ 
IK 
1 

+ —_6n d Zk A (gi(z ,z 1 )fo(z ,z 1 ,d Zo ,d Zl ) - g (z , «i)/i(*b, *i, 9* , d zi )) (31) 



2 k 
1 

2k 



Mo ^2 A (^3/0(^0, «i, <9 Z0 , 9*J ~ #0(^0, 



and 



+ ^-S k3 5 i2 d Z3 A (2:2/0(20, Zi, d Z0 , d Zl ) - g (z , 2i)<9* 2 ) 
Ik 

= exp (Ae hl>K (z, d z ) A Be kl)K (z, d*)) = exp O 0hl , K (z, d z ) 



f (zQ,z u d Z0 ,d Zl ) = -smh(az )id zi + (cosh(az )/az 1 )id zo , (32) 
/1 (20,^1,9*0,9*!) = cosh(a2; )i9 2l - (smh(az )/az 1 )id zo , (33) 
£0(20,21) = zisinh(azo) , gi(z , z x ) = zi cosh(az ) . (34) 



4 One can find, that d Xa — (— sinh(azo)9 2l + (cosh(azo) / azi)d Zo ) and d Xl — (cosh(azo)<9 Zl 
(smh(az )az 1 )d zo ). 



7 



However, to simplify, we consider the following differential operator 

(^7)^ = 1 + ^^), (35) 

which contains only the terms linear in deformation parameter 9 kl and «1E Hence, the 
linearized *-Rindler multiplication is given by the formula ( 1301) . but with differential 
operator ( |35i) instead the complete factor Zi] K . Consequently, for f(z) = and g(z) = 
z„, we get 

[ Zp, z u }*e kl ,K — [(A 

8ki^( z ' 9 z )zn)(B0 khK (z, d z )z v ) — (Bg khK (z, d z )z fl )(Ae khK (z, d z )z u )} (36) 

with f 2 (z,d z ) = id Z2 , f 3 (z,d z ) = id Z3 . The above commutation relations define the gen- 
eralized twist-deformed Rindler space-time associated with generalized Minkowski space 
(EH). 



H) Rindler space-time associated with generalized twist-deformed Minkowski space H) 
(see Q22D). 

Here, due to the rules (I26l) - ff29|) . the *g 0i ^-multiplication look as follows 

f(z) Houh g{z) = u o {Z e l k > f(z) ® g(z)) , (37) 

where 

Z e lk = ex P (^i^oi fo(z , zi, d zo , d zi ) A frfa, z u d zo ,d zl ) + 

+ S i2 9 02 fo(z , zi, d Z0 ,d Zl ) A d Z2 + 5 i3 9 03 , f (z , z 1} d zo , d Zl ) A d Z3 + 

+ rrfefe f (z , zi, d Z0 ,d Zl ) A {z 2 d Z3 - z 3 d Z2 )+ 
2k 

+ 77T<5fc3<fe /o(^o, zt, d Zo ,d Zl ) A (z 3 d Z2 - z 2 d Z3 ) + (38) 

IK 

+ /o^o,^,^,^) A {gi{z , zi)d H - zif 1 (z ,z 1 ,d Z0 ,d Zl ))+ 

2k 

+ Trrtfn /o(^o,^i,^ 0) ^i) a (z k f 1 {z ,z 1 ,d Z0 ,d Zl ) - gi(zQ,Zt)d Zk 
Ik 

= exp (Ce 0i ,fe(2;, 0*) A £>0 Oi ,«(z, 9,)) = exp Oe 0itfi (z, d z ) , 
Consequently, the corresponding (linearized) Rindler space-time takes the form 

[ z » k 0i ,« = [(ComA* 1 * d z )z IJl ){Vg oh f i (z, d z )z v ) - (V eoiA (z, 9 z )z lt ){Ce 0t ,k{ z i d ^)\ ( 39 ) 
where we use the linearized approximation to Zg % (see (1351) ). 

Hi) Rindler space-time associated with relativistic twist-deformed space Hi) (see formula 
(El). 



3 We look only for the corrections to Hawking radiation linear in deformation parameter. 



In such the *e 0i ,R- multiplication takes the form 

f(z) *o ou - K g(z) = u o > f(z) <g> g(z)) , (40) 

with factor 

z e£,H = ex P _i (fa^oi fo(z ,z 1 , d Z0 , d zi ) A fi(z , z 1: d Zo ,d Zl )+ 

+ SaOw fo{z , zi, d ZQ , d Zl ) A d Z2 + 8 i3 6 03 f {z , z t , d zo , d Zl ) A d Z3 + 

+ T^ii /i(z , «i, <^ , A - Z *<9 Z J+ ( 41 ) 
2k 

+ — 4i d Zi A (</i(zb, - zifi{z , zi, d Z0 ,d Zl ))+ 

2k 
Ik 

= exp (£0 oi ,s(^ 3») A Ge 0l A z > d z)) = exp Oe 0ilii (z, d z ) . 
Then, the (linearized) Rindler space looks as follows 

[ *n> z » he 0i ,* = [(ZeoiA*, 9 *)*h)(Goqi,k( z > d *) z ») - {Qe oi ,K{z, d^z^Sg^iz, d z )z v )] (42) 
with $e m ^-multiplication defined by the linear approximation to ( 14T1) (see (1351)). 

Obviously, for both deformation parameters 9 kl and 9° l approaching zero, and all 
parameters k, k and k running to infinity, the above generalized Rindler space-times 
become classical. It should be also noted, that for fixed (different than zero) parameters 
9 M and 9° l , and parameters k, k and k approaching infinity, we get twisted canonical 
Rindler space provided in [8]. On the other side, for parameters 9 kl and 9 0t running to 
zero, and fixed parameters k, k and k, we recover the Lie-algebraically deformed Rindler 
spaces introduced in [8] as well. 

4 Hawking thermal spectra for generalized twist-defo- 
rmed Rindler space-times 

In this section we find the corrections to the gravito-thermodynamical process, which 
occur in generalized twist- deformed space-times. 

As it was mentioned in Introduction, such effects as Hawking radiation [2J, can be 
observed in vacuum by uniformly accelerated observer [4], [5]. First of all, following 
[7] and [8], we recall the calculations performed for gravito-thermodynamical process in 
commutative relativistic space-time [TT] . [T2] . Firstly, we consider the on-shell plane wave 
corresponding to the massless mode with positive frequency Cj moving in x± = x direction 
of Minkowski space (xq = t) 

<fi(x, t) = exp (lux — ut) . (43) 
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In terms of Rindler variables this plane wave takes the form (z = t, Z\ = z) 

(f>{x(z, r),t(z, r)) = (f)(z, r) = exp (iujze~ aT ) , (44) 

i.e. it becomes nonmonochromatic and instead has the frequency spectrum f(u), given 
by Fourier transform 

/+°° A, , 
f^/Me— • (45) 

The corresponding power spectrum is given by P{oS) = |/(o;)| 2 and the function f(oo) can 
be obtained by inverse Fourier transform 

f( u ) = dTe iCjze ~ aT e iu}T = (--) {(bz) iuj/a Y ( -—) e™/ 2a , (46) 
J-oo V a J V a J 



where T(x) denotes the gamma function [43]. Then, since 

/ ■ \ 2 



V a 



71 



(lu /a)smh(ircu / a) 
we get the following power spectrum at negative frequency 



(47) 



uP{-u)=u\f{-^ = J^- v (48) 

which corresponds to the Planck factor ^Q hoJ / kT — l) associated with temperature T = 
ha/2nkc (the temperature of radiation seen by Rindler observer (see formula (E!)))- 

Let us now turn to the case of generalized twist-deformed space-times provided in 
pervious section. In order to find the power spectra for such deformed Rindler spaces, 
we start with the (fundamental) formula (jUJ) for scalar field, equipped with the twisted 
(linearized) ^-multiplications 

^Twisted^ r ) = exp (i^ e-arj _ ^ 

Then 

/+oo 
dre^ zi '- e ~ aT *.^ iUT , (50) 
-oo 

and, in accordance with the pervious considerations, we getj§ 

/Twisted^) = + f + dTLJO fo. t .(r, z, d T , d z ) > e lClze ' aT ® e iUT \ + (51) 

J —oo 

/+oo 
dre idjze ~ aT e iuiT u o (O v (r, z, d T , d z ) > iuz ® e~ ar ) ; 
-oo 



-oo 



3 We only take under consideration the terms linear in deformation parameters 6 , 9 , k, k and k. 
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the corresponding (twisted) power spectrum is denned as 

w pTwtated(_ w ) = w I /Twisted 1 2 _ ^ 

Consequently, due to the form of linearized Rindler factors Z meaT , we have: 
i) The thermal spectrum for generalized Rindler space i). 

In such a case the operator 0. r (r, z, d T , d z ) = Og kliK (r, z, d T , d z ) is given by the formula 
fl3Tj) and 

(■Twisted/, x r f , ,\ , tOkl ZiUU f 



/™ ed (^) = /(") + 2Kaz I dre—~ e^e— + 



-OC' 

Ski Zi OJ 



/+oo 
dre iClze ~ aT e^ T e- aT . (53) 
-oo 



2kz 

The above integral can be evaluated with help of standard identity for Gamma function 

T(y + 1) = yT{y) ; (54) 

one gets 

' iuj 



/Twisted^) = / _\\ ( & )-/« r [_^ e ^/2a f j + . - 



a/ \ a J \ 2naz 2 

Then, one can check that the thermal spectrum takes the form 



- 1 

a 



(55) 



with Hawking temperature T = a/27r associated with the acceleration of generalized 
twist-deformed Rindler observer i). 

ii) The Hawking radiation spectrum associated with twist deformation ii). 
Then, 0. t .(r, z, d T , d z ) = Og^^r, z,d T ,d z ) (see formula (138]) ) and the function 
/Twisted^ looks as follows 

/£f ed M = f{u;) + i(e 01 + ^(5 ll z k -5 kl z l ))— [ +00 dre^ aT e^e- aT + 

\ zk j az J-oo 

- (V + ^( 5 n z k ~ S klZl )\ - z y + °° dr e ---^e^e— . (57) 
One can perform the above integral with respect time r 



Ik / az 1 
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IUJ 

a 



(5f 



and, consequently, the power spectrum takes the form 

1 1 



Twisted / 



Te^/T - l 

+ o(e 2 01 ,k 2 ), 

with Hawking temperature T = a/27r. 



1 



6m + U 5llZk - 5klZl) )vh 



+ 



(59) 



Hi) The thermal spectrum corresponding to the generalized deformation of Rindler 
space Hi). 

In the last case C,.(t, z, d T , d z ) = Og ohfi (T, z, d T , d z ) (see formula ( 14T1) ) and, we have 



i<5ii 6*oi oj Cj 



(IZ 



dr e 



<^il 6*01 UJ 



+oo 



J 

are 



(60) 



After integration (see identity for Gamma function fl54l) ). one gets 



a J 



+ 



8n #oi uj 



az' 



and 



jTwisted / 

i • ^ 



uP 1 



1 



T e^/ T - 1 



<5q #oi ^ 
Tz 2 



7T 



Ol) ) 



(61) 



(62) 



respectively. 



Of course, for deformation parameter 0qi approaching zero, and parameters k and 
k running to infinity, the above corrections disappear. Besides, one can observe, that 
for deformation parameters k and k going to infinity, we get the thermal spectrum for 
canonical Rindler space-time provided in [8]. 



5 Final remarks 

In this article we provide linear version of three generalized twist-deformed Rindler spaces. 
All of them correspond to the generalized twist-deformed Minkowski space-times derived 
in [36]. Further, we demonstrated that there appear corrections to the Hawking thermal 
radiation, which are linear in deformation parameters 6 01 , k and k. 

It should be noted, that the above results can be extended in different ways. First of 
all, for example, one can find the complete form of (generalized) Rindler space-times with 
the use of complete twist differential operators 

Z7} = exp0. 7 .(z,d t ) , (63) 
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which appear respectively in the formulas f )30|) . f )37|) and f HUl) . However, due to the 
complicated form of operators 0. r (z, d z ) such a problem seems to be quite difficult to solve 
from technical point of view. Besides, following the paper [TT] (the case of commutative 
Rindler space), one can find additional physical applications for such deformed generalized 
Rindler space-times. The studies in these directions already started and are in progress. 
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